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ABSTRACT

Yucca Mountain Site Characterization Off ice ef the u.s.
~-nt of ~ i* conetzuatixig an Ibrploratory 8tudiea
Faclhty, approximately 160 Ian i100 miles) northwest of Las Vegas,
Nevada. ?his faciXity will he used . to gather geobgkal,
_lqical, geomedmdcal, thermomechanical, and geocheadczd
information to characterize Yucca Mountaixias a poteatial site to
lsolats High- Level Radioactive Waste from the aooeastile
environment. The Fkploratory9tudia6 Facility, when completed shall
consist of two rampa from the surface, a connecting drift,
underground t,ot areas and below ground operational support
facilities. The raqm and connecting drift are being mined by a
7.62 m (2S ft) diameter Tunnel Boring Machine. This machine wtts
fabricated for the Department of EMr~ by Construction -eli~
8ervicef3, Inc; of Xaxit, Washington.

Thie paper describes the current status of the construction of
the North Ramp at Yucca #Iount~in,At the time of this writing, the
North Ramp had advanced to a distance of -t S17 m (1700 ft).
With the exception of mme minar problems thruugh BOW Ridge fault,
the-excavation has progxesaed as expected.

oDu.5r~I

TCIcharacterize Yucca Mountain (YPl),tha U.S. Department of
Energy’s (DOE) Yucca Mountain Site Cha.raaterizat,imOffice (yMSCO)
is constmcting an 2xploratoxy Studies Fac~lity (ESF). The MF is
constructed to Perfo.m geological, geocheudcal, hydrologic,
thermomechanical, and geomechanical tests to assesc the suitability
of YM to h~st High-Level Radioactive Waste (HLW) produced by
commercial nuclear power plants and defense operations. It im
required that the MU be isolated from the accessible environment
for 10,000 yearsl. Thewi~:rriers to central the release of
radioactive materials consist of natural barriers and
engineered barriara such as waste concainare and back fills (Figure
1). The information tc assess the characteristics of.the site i6
obtained by implementing a comprehensive, integrated, surface,
underground, and labaratoq based testing program. Thi6 paper
describes th(: current status of the work being performed to
cctnatmct the ESF.
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The ESF will consist of a North Ramp, South Ramp, a Main DrXf t
that connects the two ramps, .and a number of other exploratory and
test drifts. Figure 2 shows the general layout of the ESF.
Excantion wae started from ?he North Ranp Portal. A hornaahoe
shape starter tunnelz for the tunnel Boring machine (m) ,
apptimately 9.14 m (30 ft) in diametor~ 61 m (200 ft) lmg~ -s
excavated by a controlled drill and blast me%hod. The 7.62 m (35
ft) diameter TBM WaEIprocured, SItippedto, and assembled at YH.
T8M assembly started in April 1994, and the a=8e*led TM m WVd
to the face during Augwt and Septe_r of 1994. A readiness review
was performed prior ta the start of TM operations. Poz. that
review, TBM operations were divided in four phases: Phese 1 - start
Up testing; Phase - 2 operation of the T’BMafter the tail shield
claarm the starter tunnel 1 Phaee - 3 operation of the TBM and the
conduct of scientific investigation foUowing installation af the
mapping gantry; and Pluee 4 - fully operational pha-e - aftar the
musk conveyw h=s been installed. At present. the Proj●ct i= in
Phase 3. The muck is King rem~d W muck cars.

The TBM, procured fet YM, waa designed to operate in diverne
geologic conditions. tlnlika conventional tunneling operations, ‘
where the TBM generally stays within one rock type, the TM at YM
will cross multiple geologic units as it excavates from the surface
to a depth af about 3~5 m (1000 ft) . Key characteristics of the
TBM a“represented in Table 1.

..

AS noted, the TBM has a full shield to provide graund support at
all times aa the excavation progmases. Some“of the major
differences, as compared to a conventional TBM, are: a robust
hydraulic system to minimize leakage of fluids and a much longer
trailing gear to accommodate a

?
eologic mapping gantry. This TBM

will & used to excavate the ant re E$F lcaopas shown on Figure 2.
Auxiliary mining, auoh as test alcoves, refuge chambers, shops
etc., will bc excavated using other mechanical equipment red/or
drill-and-blast techniques as applicable. Technology En mine hard
rocks mechanically is being wplored and IS under davdopment
within the YP23C0.

The NOrLil Ramp dips at a gradient of -2.1% to the West ●nd is
2800 m (9190 ft) long. The North Ramp turns South at a gradient of
+ CI.S%to 2.6% in ●,he main dr~ft. This main drift will be 31S5 m
( 10,35O ft) long. At this point che excavmticn turns 13aRtand the
South Ramp will be excavated at a gradient of +0.6% to a total
distance CC lB35 m (6020 ft) . The max~mum overburden is
approximately 300 m (1000 ft) . The South Ra~p daylights at the East
side of YM. There may be two extension drifts, one at the bttom
of the North Ramp (North Ramp extension) and one at the bttom of
the South Ramp (south Ramp extension) . These extensions and othar
test areas may be excavated using a emall diameter TBM or machines
such as roadheaders. The North Ramp extension is to be excavated
●t a grade of + 0.5 to - 2.3%. The South Ramp extension is to be
excavated at a g~ade of - 0.6% to - 0.9%. Figure 2 shows tentative
locations of test alcoves. These test alcoves will he excavated
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Table 1. Key Characteristics of the TBM at Yucca Mountain

Size-Diameter:
Laugth-without trailing gear:
Length-with trailing gear:
Motors:

Primary V31tage:

Hydraulics:

Stroke:
Cutters:

Thrust :

Shield :
Du~t Cantrol/water:

Turning Radiua:
Steel Sot Erector - Capacity:
Rock Support System#

Probe Drilling Pro*:
Muck conveyor;

Guidance System:
Other Unique Features:

Approximate Machine weight:

Present Mucking System:

7.62 m {25 ft)
12.2 RI (40 ft)
150 ❑ .(460ft)
12 each, two speed, 186 kW
(250 @j each
12,470 V, 3 ph$lS6160 Hz
2 transformers 2200 WA each
Daaignod to have fewer
hydraulic connections.. Amount
of hydraulic fluid raduced from
4542 .1to 1515 1 (1200 to 400
gallons). ‘l’his ~dycea the
potential of impact on the site
* W 6Pills/ledC8.
Four gri~rs: 2 side, 1 top
and 1 bttom. ~ripper thrumt
maximum 27.5 megapasl?al (4000
psi)
Gri~r force of 1.65
magapaacal (240 psi)
762 m (30 inches)
48 discs a~ 43.18 cm (17 in) in
diameter
1.63 million Kg (3.6 million
.lbs)
8 cylinders for maximum advance
rate of S.5 ndhr” (18 ftthr)
Pully shieldad machine
None at the head. Water is ueed
at the conveyor transfer
points.
1S2.44 m (500 ft)
WF31 With I?l+nge
Near Shield. Install Rock Bolts
through shield. At the trailing
gear Install permanent Rock
Bolts. Bolts shall be euper
swellex, William= etc.
AbilitJ’ to Drill ahead of face
TBM 1066 mm (42”in) 960 m’jhr.
at 122m/hr (400 ft pm)
la=ur guided ZED
Monitors flammable gas at the
face. Uses Power Factor
correction capacitor banks. Can
operate on a slope of 12*.
Provides capability to perfom
geologic map~ing while Lhe.TBM
is advancing. ,
763,CCJUkg (1,720,000 Ibs)

Eat:ery locomotive anti four
16m’ i21 yd’) mire cars.
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using ait~r controlled drill -and-blamt meth-. =mlhaa&rs, or
ether machamlcal machines. Alcove #1 *6 -Structd in 1994, using
● controlled drill-and-blast mstlmd ad is in aae for ttiing
puposes. Alcuvm #2, sear the m Rib MCYlr, will also be
exc=vatad b“ Ueihg Concrollad drill-and-blast Mthod of
ucawt ion.

mm ~ta mm shipped f- Umt , washi~om,

atartimg h ApZil 1994. Assembly of the TM Cmponamts -m Stti.ed
by Kiewit/PWsOns Brinckexhof f (Xiewit/PB) in April. All of tbe T13M

-~mnt6 ~ on site by me 15, 1994. The TIM wan fully
Useabled by &lguat 15, 1994. While TM assembly wac in progmma,
tbe si&wall of the atamer tunnel diametar near the faoe was
reducd. frm akut 9.14 m (30 ft) to 7.6S m (2S.S ft) bypuuing ●

comcrete cradle. T@ opsnlng dhmter .yasrducad to ●now the I%W

mimer IMdS on the wallo and bottun grip cradle on the invert
grippers to engage the side walls end the floor. Construction fcm
the pre-cast invert segmntm for the zamp wao ini%iat=d in August
1994. Once the starter tuanel and the ~ were ready, the TIN wae
moved into the starter tunnel. It requird one day to mow the TBM
Late the starter tunnel a’.? position it for Phase 1 activity.

It was planned to support che initial TJ3Kexcavated portion of
the ramp using steel sets. The rock conditions in the starter
tunnel had proved to be.quite pee+ and contained a large number of
1ithophyaaes.

The starter tunnel ground support syGtem pri-ily consisted
of split sets, welded wire fabric, grouted rebar, threaded rOof
bolts, and f Mercrete. Seven lattice girders were installed at the
entrance of the starter tunnel co enhanca the mtryctural stability
of the area near the portal. “Largo voids, along the ribs, were
filled by placing fibercrete “as neoessary. a~ud SUPPOrt in the
TBM portion af the ramp ~onaiets of 183 steel sets on 1.22 m (4
ft) center And rock bolts with wire mesh.

The nominal alcove centerline for the test Alto-m #2 is
located at station 01+ (71.96 m [564 ft]). This alcove will be
excavated using the controlled drill-and-blast method. This alcove
will be used to c.harackerize the hydrologic and geochemical
environment of the Bow Ridge Fault. Lagging frem the eteel sees
will be removed, if required, and a brow will be established to
excavate the alcove, if req&ired. The n&ifial dimensions of the
alcove are: width 3.7 m (12 ft), haight 3.7 m (12 ft), ~d depth
cf 40 m (131 ft). The end of the alcave should have width and
height of 5 m (16.5 ft).
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Ths prinaxy *j*ive of the BSF is to provide 6paco to
conduct scientific investigations to ascertain the suitability of
Y?4 *8 a p9tential 5U rapositcly. Teate ara be%ng perf~ to
&tati geologic Ckauteriati X (g-logic mxl , g~c-c-
~~ (doformatlon) of the e ma.sa,and respmse of tha ●taal
eets. Typ9m of in8t~ts installed coxL8iet of .1OMI ~lln,
multipotit borahole exeen~tem, vibratimg wire etrain gauges,
and convergence pine. tit ionally, the excavation is geological 1y
--d .

The Los ~ms Nation.d ~=to~ (=) mt ~ti~
Officn (IWO) caxdinaces the testing perfo-d in the EiSF by all
pa.rticipante. The IXX2is ree~ible for developing test lann.ing
packages and jab patigaa” for tha !impAamulmt on @f
t*sting/uanitoring in the ESF. In the North R==P, t*8t8 - be
~rformed by the U.S. woeolegkal smwey (IW3S) and 9andia BIationa
Laboratories {St.%). -ratozy taat saqles have - cd lected for
LANL and Lawrence Livermore National Laboratory (=) . (301010gical
mapping is Ming perfomned by the U.S. Bureau of Reclamation (U9BR)
under USGS contract.

TO monitor operational safety, SNL has in~talled load cellst
multipoint borehole axtens-ters, strain gauges, and couvergen=
pine. Material samples have been collected for laboratory analysis.

Geologic information gathered by USQS/USBR and rock mass responee
information gathered by SIJLis being provided to the Architect &
Engineer and Constructor as an aid in modifying ground support
systems and operations.

T& TBH has advanced through some vary complex geolw
starting with high 1ithophysaes reck fonuations, a fault with
approximately 84 m (28o ft) vertical displacement, and very mft
rock formation. The fault zone was about 2.5 m (8 ft) wide. fie
T’HM,h&e performed sati~factorily. It was planned from the very
start that steel sets would be used through thaee fonaaticma.
Geologic conditions are con~inuing to improve, and it is expected
that g-roundsupport in the future will mostly consist of rock bolts
and wire mesh.

The underground muck transportation system at present utilizes
a 25 ton battery electric locomotive. Four muck cars 16 n’ (21
yd’)are hauled per trip. A conveyor system has been procured and it
will replace che battery system, for muck haulage, by late August
or early September 1995. The muck conveyor will be 914rMI. (36 in)
wide, operate at 183 m/pm (600 ft pm) . The conveyor is designed to
transport 572 cph and have a peak capacity of 972 tph. Teeta are to
be performed in the ESF to eval,~ateretention oi diesel exhaust in
the ramp. This test is to be performed to determine if diesels can



he used in the EW w~thout having any adverse i~act on sits
performance with zespeot to isolation of HIM or on the teats
*ornbed to characterize the site. The current
contl.nuo to we battery locomotives.

plans are to

$urf8c4 facilities have expanded andAum~tn;:
are now located at the portal area.
available for use by June or July of 199S.

the Operat ioaM
house will be

14aximumadvance, for a day. to date has ~en about 18 m (60
ft) . The TBM is ~ted to eventually excavate at an average
advance rate of apprmimately 10S m/week (3S0 ft/wk). The 173?4is
to daylight in i996, after excavating approximately 77?0 m (25,S00
ft). As the excavation progr-ses and various geologic units “are
intercepted, tests will be conducted as identified by the principal
investigators .

Y

A major milestone was reached in the natioaal effort to find
a suitable site to isolate HI.JJfrom the accessible environment hy
starting tha construction af the ~F in 199?. The effort was

accelerated in 1994 when TM operations comenced. Tha performance
of the TBM continues to improve as experience 1S gained in *lng
the rocks at YM. The YHSCO ia poised to make major prog-ss through
199S and 1996 in characterizing YM in determining the technical
suitability of the site.

This werk was supported by the Yucca Mountain site
Characterization Projest Office of the U.S. Department of Energy as
a part of the Office of Civilian Radioactive Waste Management
Program. No new data was generated as a result of this work.

FKEEDTCES

1. U.S. Environmental Protection Agency, Environment.al Standafis
for the Management and Disposal of Speat Nuclear Fuel, High-
kvel and Transuranic Radioactive Wastes,4Cf Code of Federal
Regulations Part lY1, September 1985.

2. Kalia, I-Iem.endraN. and Replogle, James M; “Starteu ‘lRunnelat
Yucca Mountain”, Proceedings of April 18-21 Annual Institute
of Shaft !)rillixzg Technology Conference, Las Vegas, Nevada
April 1994.

DLSCIAIMER

Thiarqorl waap=narcda aanamunlofwork qxrnaordb yanqencyoftkUnitd StalU

Governmcnl. Nc:rhcriire Unituf Stal~ Government noranyagcncy thermf, noranyoftkir

cmploycea, make any warranty, exprcu or implid, or aaoumca any legal liability or rcqmrrsi.

bility for hcaccu:acy,a mpklen~, or uacful~ofnny information, apparatus, prdxt,or

~didcscd, or rcprcacnta that ita UIC would not infringe privately owrrd righla, Refer-

ence herein 10 any spcifrr commercial prodrrc., proam, or am-vim by trade name, trademark,

manufactumr, or otherwise doaa not n~rily constitute or imply its crrdorscmenl, rocorrr-

merrdaticm, or favoring by the Unitd Slama Government or any agency thereof. The views

●nd opirriom of ●uthora emprascod hcrain do noI n~nly stale or rcflocI thoac of the

UnitA Slates Government or any qo~ lfw~,



Figure 1. High LWel Radioactive Waste I~olation Wti -er
concept

Figure 2. Ganeral Schematic of the 15SF
Table 1. r~y Character$ntica of Yucca Mountain _


